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mm^] mmm 

. mmmmmmnm-t^^oizm^^tit^mMmi^. 

[m*«3] mmmmumt. TiOg. Mgo. t a 205:^^03 

[11^:^4] miii^(D-:^(ommizm^^nyv-m^^timn.m.mmmm 

mmm^m.m^mmiz^i-f^m^^&izmmzm^'r^m^mmtmfjti^'riz 
. mm^mmmtm-r^^oizmm-^nr^mmmn. 
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CSf^^S] mmm^oymmt. P, TI, V, Cr, Mn, Fe, Co 
, Ni, Cu, Zn, Ga, Ge, As, Zr, Nb, Mo, Tc, Ru, Rh 

, Pt, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, 
Pt, Au, Hg, Tl, Pb, Bi, MD^tC, zn^m^-ftli)^l'D&.±^^ 

im^me] mmmm(Dumt. TiOg, Mgo, TagOg^ofwo 
1 jf J':a±*^ j5; s 4^m^±mm , 



miiE#2 003-3021372 



#2002—188795 



[0 0 0 1] 

^ > i/ 3 T iz > ^ y ;& tJ^i^^T^ :^ ic Rf -r S t) © T' & S o 

[0 0 0 2] 

/\-\^7'^ \^^-(zf (HDD) (Z):^^S/J^M^b^c#v^, l«ffi:*<Z) 
K*^M:^$tirv^S, -^-cZJU^tC^bT. ^^TSSai?fe-SGMR/\y K (Gi 
ant Magneto-Resistive Head) ^D^^?5I#'f4B{^#:^&'5ii^l5>^ ^ — :S'"?GMR'\ 

K<^)2^J^<±(Z)M^fl:W»!^T'^e h:/:^;H^^^*it^^M^^y F (TM 
[0 0 0 3] 

F^ji^^M'&'S). -M(OGMR/\^y F(Z) j:e>?&ll®{cMLTTOtc-fe>7>S 
^SSSrS^-r^'V Fl^ii$:C I P (Current In Plane) ^Jt, TMR^^y F<DJ;e)lC 
mm^iMbXmmz-tyxnm^^ir^V Y^mM^CPP (current Perpendicu 
lar to Plane) m^^t^So CPPfiliitt, F-e® =fe® $r«aii bT 
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[0 0 0 4] 

cpp^3a(Z)/\^y KiibTii, TMR/\y F(Z)ff&{c%;, m7L\t. 

^ti) S:ffiV^^7b^e>=feCPP||^t$:^ft)CPP-GMR^«y K=fe^e)tlTVN-S, 
[0 0 0 5] 

u, Rh, Pt, Au, T a^i:•*^MV^e>tlT^^S, -?-LT, CPP||3tcZ)^^y 
[0 0 0 6] 

i:r5T% ;^tf>A;i/yM^TMRl^$:frML7t^>y K-eii, C I P^3t&0 

CP p«ii(Z)v>-r4x{c^v>T%, ^iji^/\^-^y ^ >(x^nm-t^rci^iz. 7U 

h^v^m^m^'t^^vyv\z^mLt:LUV7. h'^7.^^^(D^^mmv. v 
y hytymzj:i). cocr p t^(D^m^m^mmmmmtLxm%m.mm^ 
Mommizm^-t^. zn^khuttedmT^tw-^^o cppm^^izm^x^. ci 

P-GMR/\'y Kill^^tC, Abutted^JtlCJiy 7U-M^>'1-rTX?S^#S:grin 
bTV^S #^2 000-3022 3 #^2 001-1461 
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CO 0 0 7] 

Zt\,lZML. t|J^?){C J;-5^jt ("Longitudinal bias method using a long d 
istance exchange coupling field in tunnel magnetoresistance junctions", 
Journal of Applied Physics, Vol.89, No. 11, PP. 1-3 (1 June 2001) ) RtfS^ 
^2001-6875 9-^i5i^lC^V^T, 7 U T :^?jS#S:M-t<5a 

[0 0 0 8] 

^Se^i^ti, Abutted#ii$:fiJMLfc^^^^y FcD«-^JC{i, :7 U -M^/n'-T 

iS^M*^i2gStiTv>fco MSai&:i:S:t)«#^2 0 0 1 -6 8 7 5 9^4^^{C 
P^^atifc^ig&aifflbfel^^^^y K®m-^fcij:, 7y-M^/t-f T;^1i^$:# 

^ ^m^umm tLx <DK^m'\&.miim%m.wMj^m±\z.m.m ^n^ztn)-^. 
m%nmmmm<Dm%mmmi^m (absm) sk^f^-oMmo^^mzm^x. m% 
mmmmm0^mw^<o^rjihr'^zt)>ir^f3-^rjii)mnrcmmKm^tx\ ai ^ 

[0 0 0 9] 

mmfimm L^ott^ mm) 
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±mmmtim^±mmt<Drsiz!^mjinM.mmm^U'Dztf}^x*^i3t^\ ^z 

[0 0 10] 

Lf)^L. z0mmm^m(7)m^j:m(Dm. i&m.m^t^mmt^r^ibiz-i'^fji]? 
M>5;^ii{c^§„ m^\t. TUK^^v \^(Dm^\z\tmm(ovy%)\yA^)rm m 

^\t. j^SlnmJ^T) ^(D'<yiry}f~h.^:^-Pt>mmt^mm\Zt£^}. MRJt 

iimmzyti^^}. m^iz^-oxitm^^v \^tLxm\^^zt.fi'^x^tA<t£:^. 

[0011] 

Z<DJ^'^r^^m\zm^Xt^-^i[\.tz.^(DX. #?^tt^«Ma)^®^^t: 
%r^v K, \^^ys^y^ynyr^y:f^)^rsm,%'f>(y.^mm.^%^^^z 

[0 0 12] 

m\z^7ty\:^-2^^:^-v^^^^m^<^i':>}iLx. mm.m.im^m(D^m ( 
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v^mm^o^is^^um^mut^ r c j: u , ^^srn^^Mc-^;! § >f > if 

[0 0 13] 

*/^^T* >f :t > tr - i* X :^ ;v dfi - S:^;^ T ^I^M & b y f S r 
[0014] 

[0 0 15] 



7 



ffiliEi^ 2003-3021372 



#2 002-188795 



-A^^-y$:<SMb, m^xitm^o^f^^^m.-t^z.nti^x^^. ^^s. itr 

[0 0 16] 

l^i:, ButH^jS]g^®«%trffH«#:{i(Z)Mii, S i J: U t)#^coM^*7b« 

[0 0 17] 

izit^x^m^n^o hfcff^-DX. :i(Dm2<DmmK^M. ^mf^KDm^t 

[0 0 18] 
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(Dm^mff^^<Dx*&^tiK mmmmun ^ ti ^ co m ps^ $ ti ^ <z) ii 

[0 0 19] 
[0 0 2 03 

i)^^fjt^(DX\ mmmMmo)m(DMi!)miiixit^mi^xmf^^tix\>^x%. 

[0 0 2 1] 

P, Ti, V, Cr, Mn, Fe. Co. Ni, Cu, Zn, 
Ga, Ge, As, Zr, Nb, Mo, To, Ru, Rh, Pt, Ag, Cd, 
In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Ft, Au, Hg, T 
1, Pb, Bi, MtJ^tc, rtle>^^)^^■rtl*^l oJe^±&^t?^^i^ffi^M>at>'#?^ 
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[0 0 2 2] 
[0 0 2 3] 

^;^f&i{c«?^;^)^'?5^ti.5fi^-e$)-s%.(Z)i?fe^o :i(D^i commit. ^mmm(Dm 

[0 0 24] 

:$:^0^®^8CD®«{cj:S^^«^*^^{i, tSfBH 1 7 covNTti:^)^ 

[0 0 2 5] 

[0 0 2 6] 
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m^-^ntdifymt.. (b) mmmmmximmmmmti^. mmhy^^ 

[0 0 2 7] 

mmizt^t, >(>i'y\:^-j^^:f^-p(Dmmt)'^4¥n\zi^^<^j^^r^^. mmm^ 
c p p - GM R^^^ic i- s r ^ ^ s o 

[0 0 2 8] 
[0 0 2 9] 

[0 0 3 0] 
[0 0 3 1] 

^3^^t>*#ig2 0 0 1 -6 8 7 5 9^<^|§{C^^$tLJt^JtS:S?Mb^^5K(Da 

K^cfev^Tt). m%m.mn^M(7)m%mmmi^m (absm) 
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[0 0 3 2] 
[0 0 3 3] 

o 

[0 0 3 4] 

v}^v-:^^yi/3yr^y^vti. ^r-fe>^u sr-i^api:, ^r- 

[0 0 3 5] 

[0 0 3 6] 

1 o)mm(Dmm'\ 

[0 0 3 7] 

'i'3(o^^^u^mz^'fiii±mmmx:&>^. mz\t. 111241® a -a' ^um 
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•t^tc^sb. iai75rS0 5ic^-tJ:-^{c, sv^^c^t:3^t- sxw, vmRxj^zm^'^ 
^^ + z:^\^xit+zm. 'e(D^M(D\^^^-z:^{piXit-zmtmzj^. xm:^ 

^bTVA-5o zm:^M'^TMRm^2<Dh^V^m:^\^t.-mLX\>^^o 
[0 0 3 8] 

MR^^2i:, mmmmm.^y}^m'ftLX(Dmmmm%^mm^3t. dlc 

:*:|§^icj;sa^/\^y Fli. TMR^^2 ®*i$:^g;iT V^T%i: 

[0 0 3 9] 

;^^>f 3^'l liij^^lHi^^f*iMf«IM{R!lJcl/-;i/aiJl 1, 12$:^L, l/-;i/gpi 
1, 12®^M:)b^ABS (xT^rU>^^®) &«^LTV>So El 1 {C^fMT- 
l/-;i/^ll, 1 2CDlgSrJi2;2fC-eS)S3&^, Z:tllC|5SP)J&V>3 '0SJ;i«, 1-3 
:^(DU-;v3^mLX^^\^L. AB S ^± 1/ -;i/g|5 fe^S; V^TOT'^ o T =b i: 

[0 0 4 0] 

HI ©njiosM-^'ii, '^Mji4«i/-;i/gpi 1, 1 2(Dmmiz<D^m»ion 

> '^Mm4(Z)^®7b^AB S S:^^bTV^5„ -^^114 1^, >^^>r^l 

[0 0 4 1 ] 
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> 1 2<D^%mmmmTR(Dmizmif^nx\^^^. mmmPi^3m:^mt. ®tfr<z) 
K5 a, 5 hRx:^mmmm^mmm^s izmm^tir:^Tn>7'>( y^^-^v K5 c 

[0 0 4 2] 

TMR^^2^aff|^M?^^^#^i^3 li, ® 2 3 iC^-r <l:e»lC. 
Xl±S i C^-T?«fig$tl^<, A 1 2 O 3 -T i C$:mv\^#-a-, 3 tltd:#«tt75)'J 
[0 0 4 3] 

«^2 li:, Tg|5«^2 ic?)±M Silyg^M) lc?^^$tife±§P«®3 

1 ii, Sffi2l, 3 1 IS{CTSPS®2 lM*^^)iBlc^MS*ifc> TS^SM (T 
M) 2 2, y%^mm (±M) 2 3, tf>M2 4, tf>FM2 5, h>^;i//ty 

y:/M) 2 8, :5:t>\ ±§PSM3 ®T:^Jff bTCD±g|5^«jl 2 9 $:f|;iT 
v\s= tf>M2 4, tf>KM2 5, h>:^;i/7\'UrM2 6^1>*7U-M2 7*^, 

[0 0 4 4] 
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[0 0 4 5] 
[0 0 4 6] 

tf>M2 4{i, ;^^^^f£MT'#J5^Stl> PtMn, I rMn, RuR 

hMn, FeMn, NiMn, PdPtMn, R hM n XfiC r M n P t if 
Mn^^^vm^-t^^LHtim^V^K fcr> KM2 5S.t)t:7U-M2 7lj:, ^tl 
^tl^^'tSMT'^Kfig^tl, Fe. Co, Ni, FeCo, NiFe, C 

oZ vNhXitF eCoN if£E(DU^^VB^-^n^o lf>KM2 5l±, tf>M 

2 l{g!j}&^?,tf>S2 4, tr>FM2 5, h^:^;!//-?!; rM2 6, >";-®2 7(Z) 

jli^ciBg$tlTv^s*'5, rmnm2 imti'^yv-m2 7. h>:^;i/AyyM2 

6, tf>KM2 5, fcf>»2 4 ^D||g{CiBML/T=feJ:V^o h U TM 2 6 (i 

> M;tli> AlgOg, NiO, GdO> MgO, TagOg, MoOg^ Ti 

[0 0 4 7] 

dp^yyMi:LT0±SIJ^MM (4¥m,^±mm) 2 8«, Ta, Rh 

, Ru, Os, W, Pd, P t XitAnOmi^. Xlt> m VA-ftl?b^ 2 ffij^/l 
^MJf 2 8©j?$li, 7 nmJeA±^C•t-£>Zli:*W*bV^, ±gP^SJi 2 8 ®J?$ 
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7 n m&,±iz-t:s> m^jimoMmr ±m^mM 2 8 <Dmm<Dm^m^ 

M2 3-2 7 t-mizs. U>^S4x> ±S^MM2 8{iM2 3~2 7 i:||M6<i{c 
[0 0 4 8] 

;i/K^^^y^ («^2i, 3 im<D^^v':f) ^mm<Dmmizu^rci!biz^ mf 

[0 0 4 9] 

03 JSlt>*EI5{C^-r ct:e>{C, 7U-M2 7S.tJ^lf >S2 40DZ|i(l^IqICiD|iSffliIlC 

yv-M2 7iz^^f^m(Dt=.i^<DJur:^m^^fi¥t!s>m^mmmiiLx 
(Dm^^ms 2, 3 3*«?^i[g$nTVNS„ mm^ms 2. 3 aii, cr 

/CoPt , Cr/CoCrPt h n A S^-^ 

^) , TiW/CoPt, T i W/C o C r P t ;^if(DMMT'?^^Stl-5„ 3tl 

VNS. f6i^M3 4ii, «1H4M3 2, 3 3 i:M2 3-2 8©figffii:®^{c%:fr^S 
L, ® 2 3 ~ 2 8 ^'t^l^'ftM 3 2 , 3 3 J; o T«^ailiCM$g- L^SiVN J; e) lC:^o 
TV^-5>„ 

[0 0 5 0] 

ig2:S^tJi®4 fC^f i:e>{C. ^?gSttM3 2, 3 3*«?^^3tlTV^:&V^'^ 

igcfctt, TIIP^MJS2 2 i:±gp^MjS2 9^^}c^v^T, A 1 2 O 3 ;^i:';^)^e)^-5 
$e^Ji3 5a, ;S:t>\ S i i:U=fo^^^(C(^M^*5{)^:^^^^7cm$:^^'^*< i:=fe;-a^ 

s^<£^Mj i:v^e)o ) 3 5 b;&^. ?^^$tlrv^-5o *IIJ6®?^^-e«> M3 5 a 

, 3 5b;^':, S^MMM{Cfe{:f ^l^^^miC^^fCH^f -SW^IIJgc 

ig©?^MT'ti, mM.m.mm^mizi5\^^xmm(Dm^mw.r£:&\^izmmt)'^mn^m 
m) tm/^^-fiz. mm^mmi^tm^^^^izB^^ntzmmm^. m^Lx 
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[0 0 5 1] 

WMitMS 2,3 3 ttluiiL^J:e)(Cji2 3-2 8 (D Zm^\^(Dnmi^f^^-^ 
M2 3-2 8©AB SiRffilMMM (-YM) lCfitgLTV^S„ *IIJfeC^?^^T'li 

. M2 3^2 8(D-Ym(Dmmit. ^m-t^^^icm^^mz-mvtc^vy'irK 

J:ijm^^tiX. 1 o©7^-A-ffi$:^figLTV^-g)o ,lfe^M3 5 a l±, 04 {C^ 
tJ;e){C, M2 3-2 8©- YfftM®^®&t>*TaP^MM2 2®±®{cmoTJ:b 
iefi«J^<?^^S4^rv^So ^^-s;^{£MM3 5 biiijifei^MS 5 aJ:ic?^^$ti, 
»Bii^M3 5 a*^ ^^-t^^MMS 5 h(D + Ym(Dmmiim2 3 — 2 8<D- 
(Z)^®^®r4> >g:t>\ ^^^-Pi&mms 5 b(DT®iiT§[J^Mii2 2(D±®i:(D 

M2 3-2 &m^^:^-Vi&mms 5 b{Ci:UM$&b^V>j:^lC:^oTV%S 

o 

[0 0 5 2] 

3 5 a(Z)^^lC%S:^Xj:e)iC?^^t-tl«J:VN, ZICD^-^, ^fiii^M 3 5 a ©gP^fC 
[0 0 5 3] 

:$imm(Dmmvit, a±(D ^oiz - t^i&mm 3 5 b ^tj^iiie^js 3 5 a t^^?^ 

^^<D±mmt, ±m±mM (^m^^mm) 2 8®±® (+xm mi^i 
s.Mm) (DW tmrn-co-ns^ ixm:&\^<o&w:) ^mb±m^mm2 8f)^^^ 

LxmmLr^:^\^<Dm:&izh>:^jv^-^urm2 6(D-Ym(Dt^m(D±mmi:^m. 
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<D'iyiry\£-h.^:^-V^^mt^^(Di:\tt^<, #}CTf5^Mji2 2 i:±g|$^ 
MM2 9 ^<Z)r4<^)X^---9-i: UT®f^fJS::^fcLTV^S^Cig^;&V^, Ltcif^^X 

> «aj;tli> ®4t4J0B-B' «|(^:&{l!lT'li, - i;^iSMM 3 5 b S:?^^-^1*{C 

-i/^^BMiiS 5 b 7b'504 cfi® B - B* Yi!l{C#:fe b 

TV^T=bM^J^I^*'^^V^i:^t;^C, faM bi^tg^tC^^t^^ - i^^ig^M 3 5 b 

Xlt. ^^-2;<gM»3 5 b S:gf4 tfi(Z)B-B' i^(Z)- YM{C=fe#^S-ti:T V\§ 

□ 

[0 0 5 4] 

mm^:^-V^WMmit. P, Ti, V, Cr> Mn, Fe, Co, 

Ni, Cu, Z n, Ga, Ge, As, Zr, Nb, Mo, T c, Ru, Rh, 
Pt, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, P 
t, Au, Hg, Tl, Pb, Bi©#^jt, ^SV^^i, ?>(DVNftl*U oJS^ 

±^^ti0m^±mxit^m^^mi^x:&^x^^\,\ mm^:^-P^m 

Ti02> MgO, T a 2 O gXliWO 3 >&ifc?)ijie^^T'^oT%J:V\ 
„ - VWMUmt. Zr, Nb, Mo. Tc, Ru, Rh, Pt, Ag, H 
f, Ta, W, Re, Os, Ir, Pt, A u =hL KitZtHb^^ti^ 

^Xth^Z.tfi\ ^ftLV>„ itii-V^mm\t, Hf, Ta, W, Re, Os 
. Ir, Pt, AuCD#^, %h<\t^t\.h^iSti^±X-^^:iilf}^. W.K^^ 

[0 0 5 5] 

j&fe, ^:^-V^mm3 5 bli, ^igSttM3 2, 3 3 iiliMMlcj^fi^StiTfe 

T% ^<^ttM3 2, 3 3 {i, tffjiLfcJ:e){CC r/C o P t ^CD#f:|--e^^S$tt 

> ^':^-p^mumxm^^tix\>^^(Dx% m^miz. ^m^msz, sst)^ 
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[0 0 5 6] 

mmmm%mmm^3it. m2jSLtj^m3izmi-^z)iz. ^mm^sizM-t^r 

<Dr^l^^fjt}^(D^^ h^^v:fm3 8 ^|5iTTMlBl1-^TSl55K-;i/gI5 3 1 

0±SI$Ji<-;i/g|S3 6ai:^coTfeU, T§ISjK-;vgp3 i aS.t)J±ais>J<-;vg|S3 6 

a iz i3\^xm^mmmmzM bxmm<Dm^j2s^ ^mji^o rmmmm hlx^ 
^MS4xfc±s««3 i]^xj^±mm^m3 eit. ■e®3-^^*^TS3i<-;i/^3 

3 7 ©MSg^li. t&MU?^5}f>f^Y F5 c, 5 d {cS^fi<HCg^^$ti 

Tv^-5„ =r>f ;i/jf 3 7(D#^^t>*jSiS[tiffis-e^-&o mmmmn.^mm^ 

3 0^5t^ttST'<kV^, 
[0 0 5 7] 

[0 0 5 8] 

^T, '^7x/NX@$:^7e)o -t^tJt), 5i:j&-g>/^^Al 203-TiC 

XttS i C^® 1^7X^1 0 1 SrMSb, ?i^M?^^^^^S:MV%T> ^^xyM 0 1 

it L ^ -5 <k e) ic?^fi^-r -5 . 

[0 0 5 9] 
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1^7 (a) , ms (a) RXJ^miO (a) li-e4x^niaKS¥®®T'fe<g>o 0 6 ( 

b) itme (a) f^(Dc-DmKm^fznmmmm. mi (b) itmi (a) ^ 
(Dc-Dmzm^r:^wimwimm. ms (b) am 8 (a) cfi<^)E-F^ic?&ofe 
«tB&m®0> ®9«08 (b) KMitt ^nv^m'^m^ mio cb) ijEfio c 

a) ttT©E-Fi^{C«>ofeMlllSlllrMglT'fe§. J&fe. 07 (a) ^CfeV^T, TW 
[0 0 6 0] 

"t^xAXST'tt, ^f, "i^x/MOlJitc, T^M16. TgIJm®2l, 
^MM2 2, TaJ^MM2 3, t^>M2 4. fcf>KM2 5, h > U TM 2 

6, 7u-ji2 7, ±iis^MM2 8&, nir^^M-r-So rmmmzi 
m<D±M {^mmmj^^m-^yi^. ^ u -m 2 7 o±m) \t. ±.m±mm 2 8 jct u 

?^^$tl€>r ilfC^S (06) . 
[0 0 6 1] 

^k\Z. I|l®>f:t>^ U>^}Cj:y, Tg|5^MM2 3, \^ym2 4. If > KM 
25. h>:^^;W\'UTM2 6, 7 U -M 2 7 . ±g|J^M« 2 8 jRt^^-ffcJl 5 0 ^ 

M3 4^t>'^i^ttS3 2, 3 3 ^mm^^ mi) o 

[0 0 6 2] 

ri?cv>T% li2®>f:;r>^ u>^{cj:y, TMRm^2 0n>( h:&\^izmLxs 
, 7U-M27, ±m^mM28. m^m^o. ^m^m32, 33, mmms 
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mMS5 a;S:tJ5^pl-S;®MM3 5 b ^mmt^ (0 8) . 
[0 0 6 3] 

m2S(D±mizm^^titcmim^o^^^-t^ (®9) . rcD^t. ±sis^m 

TS2 6<Z)^*^-i;{i, ±g|J^MM2 8 1CJ: y<£M$tl^a S9{C^fcfc 
e>ic, ±gp^MM2 8^iiji-t-6ri:«:<Sm2T'h>:^;U7'<UrM2 6<D-Y 
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